Despite substantial public and private costs of non-adherence to infectious disease treatments, patients often do not finish their medication. We explore adherence to medication for malaria, a major cause of morbidity and health system costs in Africa. We conducted a randomized trial in Uganda testing specialized packaging and messaging, designed to increase antimalarial adherence. We find that stickers with short, targeted messages on the packaging increase adherence by 9% and reduce untaken pills by 29%. However, the currently used method of boosting adherence through costly, specialized packaging with pictorial instructions had no significant impacts relative to the standard control package. We develop a theoretical framework of the adherence decision, highlighting the role of symptoms, beliefs about being cured, and beliefs about drug effectiveness to help interpret our results. Patients whose symptoms resolve sooner are substantially less likely to adhere, and the sticker interventions have the strongest impact among these patients.
Introduction
With over two hundred million cases a year and nearly half a million deaths, malaria remains a primary cause of morbidity, health system costs, and lost productivity in Africa (WHO, 2015; WHO, 2010a; Barofsky et al., 2015; Fink and Masiye, 2015; Dillon et al., 2014) . Over the past 15 years, however, malaria deaths have declined by nearly 50 percent (WHO, 2015) , largely because of increased coverage of prevention and treatment technologies (Bhatt et al., 2015) . For example, insecticide-treated nets (ITNs) to prevent malaria, and artemisinincombination therapies (ACTs) to treat the disease, are highly effective technologies when they are widely accessible and properly used. However, the health benefits of ITNs are diluted when people do not sleep under them consistently, and the impact of ACTs is limited by patient non-adherence to the treatment regimen. Despite the fact that ACTs are only a three day treatment, in some contexts up to 60% of patients do not finish the full course of drugs (Banek et al., 2014) . Incomplete treatment with ACTs increases the probability of remaining parasites (Stepniewska et al., 2010; Muhindo et al., 2014; Das et al., 2013 ) and * Corresponding author.
E-mail addresses: cohenj@hsph.harvard.edu (J. Cohen), ins289@mail.harvard.edu (I. Saran). 1 Present address: Duke Global Health Institute, 310 Trent Drive, Durham NC 27710, USA. 2 A sub-therapeutic dose of ACTs can kill all sensitive parasites while allowing the more resistant parasites to survive (thus "selecting" for resistant parasites) (White et al., 2009 ). of malaria recurrence (Beshir et al., 2013; Stepniewska et al., 2010) , which can be costly to the patient in terms of additional treatment and lost productivity. There are also public costs of non-adherence including an increased burden on health systems, potential externalities from disease transmission (Gersovitz and Hammer, 2004) , and greater risk of the emergence and spread of resistant forms of the malaria parasite (White et al., 2009) . 2 Resistance to artemisinin, the primary component of ACTs, has already been identified in parts of Southeast Asia and widespread resistance to the drug would pose a major threat to malaria control efforts (Ashley et al., 2014; White, 2012; Slater et al., 2016) . This paper explores adherence to ACTs among patients seeking malaria treatment in the private sector. The private health sector in sub-Saharan Africa encompasses a wide variety of outlet and provider types, ranging from small informal shops to more formal private health centers, and is the source of malaria treatment for more than 40 percent of patients (WHO, 2014) . While private outlets are typically more accessible than public sector facilities (closer proximity, open longer hours, etc), the quality of medical advice and product varies widely and is often substandard. In addition to ACTs, most private outlets offer a variety of older, less effective antimalarials, and few offer a malaria diagnostic test (Littrell et al., 2011; Poyer et al., 2015) . Counterfeit antimalarial drugs are also prevalent in this region (Bjorkman-Nyqvist et al., 2013; Nayyar et al., 2012) . As others have noted, decisions about malaria treatment are thus occurring in a very noisy learning environment (Bjorkman-Nyqvist et al., 2013; Cohen et al., 2015a; Adhvaryu, 2014) , and patients may face substantial uncertainty about the relative effectiveness of different anti-malarial drugs, how to take them properly, and about whether the illness being treated is even truly malaria. Previous studies have tested ways to improve malaria treatment in this context by increasing the availability of malaria rapid diagnostic tests, which can improve the targeting of ACTs (Ansah et al., 2015; Awor et al., 2014; Cohen et al., 2015a Cohen et al., , 2015b Mbonye et al., 2015) . This study explores approaches to increasing adherence to ACTs through specially designed packaging and messaging.
We conducted a randomized controlled trial in Luwero, Uganda, an area of very high malaria prevalence, in which 2641 households were given access to subsidized ACTs at local drug shops. We found that 35 percent of patients did not complete the full ACT treatment course, with similar rates of non-adherence for young children, who are at highest risk of severe morbidity and mortality from malaria infection. We experimented with several ACT packages designed to increase adherence to the medication. We first tested a current approach to boosting ACT adherence rates, used by Ministries of Health and social marketing organizations in several African countries. This specialized packaging, which we refer to as the "CAPSS" package, has pictorial instructions for illiterate patients, and a colorful, glossy design. The package aims to increase adherence by improving comprehension of dosing (using pictures) and by signaling that the drugs are high quality. We found that, despite raising the production cost of the drug by 10-50 percent, this approach had no significant effect on adherence. We also tested the impact of two inexpensive stickers affixed to the standard ACT package with short, targeted messages about adherence. Both stickers highlighted the importance of adherence and encouraged patients to finish all pills. One of the messages focused on how non-adherence reduces the likelihood that the illness is cured, while the other message emphasized that saving pills can be harmful for the community. We found that both stickers increased treatment completion by roughly 6 percentage points (9 percent) and reduced the number of remaining pills by 29 percent. Although the CAPSS package also includes messaging about the importance of adherence, this information is buried in a substantial amount of other content. This suggests that the way the information is presented on the stickers may be important for adherence -perhaps by making adherence more salient -although we do not have direct evidence of this particular mechanism.
We apply a theoretical framework of the patient adherence decision, based on patients' mid-treatment symptom severity, to help interpret patterns of adherence behavior. We find that adherence is correlated with mid-course symptom severity, beliefs about the effectiveness of ACTs, and beliefs about being cured prior to treatment completion. While we do not know whether there is a relationship between midcourse symptom severity and true cure rates, we show that there is no correlation between mid-course symptom severity and malaria parasitemia at the start of treatment, and the medical literature indicates that symptom severity is not a good indicator of parasite clearance (Makanga et al., 2011) . We show that the stickers improved adherence largely among patients who reported that their symptoms resolved midtreatment and patients who believed that their illness was cured early in the treatment course. Overall, our evidence is consistent with the possibility that the stickers caused patients to rely less on symptoms in their decision about when to stop taking the medicine. Although our study was not powered to detect potential impacts on malaria transmission, we use published estimates of the impact of adherence on malaria cure rates to show that these simple stickers cost approximately $1-$4 per averted malaria infection.
Our paper contributes to the previous literature in several ways. First, while there is a large literature in medicine and public health on the prevalence of non-adherence across disease types (Osterberg and Blaschke, 2005; Brown and Bussell, 2011; Sabate, 2003) and a growing number of interventions designed to increase medication adherence (Haynes et al., 2008; McDonald et al., 2002; Nieuwlaat et al.; van Dulmen et al., 2007) , virtually no literature formalizes the adherence decision. Our paper considers how patients taking short course treatments such as ACTs and antibiotics, in the absence of reliable medical information, may use their symptoms to form beliefs about the treatment and make decisions about adherence. Our model is most similar to that of Egan and Philipson (2014) where adherence to therapies for longterm chronic conditions is conceived of as an optimal stopping problem for the patient as they learn about the value of treatment. However, for malaria, there are fewer opportunities for learning about the health benefits of the drug because the treatment course is very short and diagnostic testing is uncommon.
Second, we add to the growing literature on interventions to increase adherence, which include training of pharmacists, patient counseling, verbal instructions to patients, special reminder pill packaging (McDonald et al., 2002; Haynes et al., 2008; Bruxvoort et al., 2014) , text message reminders (Raifman et al., 2014; Pop-Eleches et al., 2011) , and financial incentives (Kimmel et al., 2012; Giuffrida and Torgerson, 1997; Volpp et al., 2008; DeFulio and Silverman, 2012) . Most of these are tacitly built on the assumption that people want to adhere but face obstacles in doing so-for example, they forget to take pills, do not understand how to take pills, or face time inconsistency problems. We test interventions that target some of the reasons patients may choose non-adherence, for example because they believe they are cured or because they want to save pills for future illness episodes.
Our paper also contributes to the economics literature on treatmentseeking behavior in developing countries, in particular the central role played by the private sector, where the quality of medical advice and treatment varies greatly, and where diagnostic testing and continuity of care are very limited (Banerjee et al., 2004; Cohen et al., 2015a; Das et al., 2008; Leonard, 2013; Leonard and Masatu, 2007) . Our results should have relevance beyond malaria; in particular, there are similarities to treatment-seeking for bacterial infections (such as pneumonia) where non-adherence to short course antibiotics is also a serious public health concern (Kardas, 2002; Llor et al., 2013) .
Finally, we build on the literature exploring when and what types of information influence people's health behaviors. While some studies find that people respond to health-related information (Dupas, 2011; Fitzsimons et al., 2013; Jalan and Somanathan, 2008; Madajewicz et al., 2007; Thornton, 2008) , others find limited impact of information on health behaviors (Kremer and Miguel, 2007; Jamison et al., 2013; Luo et al., 2012) . The degree to which information affects health behaviors likely depends not only on the information content, and whether it changes people's subjective beliefs (Delavande and Kohler, 2012; Oster et al., 2013; Godlonton and Thornton, 2013; Paula et al., 2013; Thornton, 2012; Boozer and Philipson, 2000) , but also on how the information is presented. For example, there is evidence that, for some preventive health behaviors, emphasizing the benefits is more effective than highlighting the costs of not doing the behavior (Gallagher and Updegraff, 2012; Rothman et al., 2006) . Other research suggests that there may be a tradeoff in message effectiveness between additional information content and the length of the message (Pop-Eleches et al., 2011; Raifman et al., 2014) .
The remainder of the paper proceeds as follows: Section 2 provides a theoretical framework of the adherence decision, highlighting some of the potential reasons for non-adherence. Section 3 describes the experimental design and interventions tested. In Section 4 we present the results of our intervention, and in Section 5 we use the theoretical framework to explore patterns of non-adherence in our data and how they are related to the interventions we tested. In Section 6 we estimate the cost-effectiveness of the sticker interventions. Section 7 concludes.
Theoretical framework
In this section we present a simple two-period model of the patient's adherence decision that considers several sources of uncertainty (a more detailed model is presented in A). Patients may be uncertain about whether their illness is actually malaria, since many of them are not formally diagnosed prior to starting treatment. They may also be uncertain about the effectiveness of ACTs for curing malaria, since many types of antimalarials of varying efficacy are available in public and private health markets. Lastly, patients face uncertainty about when their malaria is cured during ACT treatment. ACTs bring parasite loads down and relieve symptoms quickly , and many patients report feeling substantially better after the first few doses. However, clinical studies have found that malaria cure rates are 10-30 percentage points higher when patients take the full six doses of the drug instead of only four doses (Makanga et al., 2006; Vugt et al., 1999) and incomplete dosing is associated with recurrence of infection (Stepniewska et al., 2010; Muhindo et al., 2014; Beshir et al., 2013) . 3 While many patients will be cured before finishing the full course of ACTs, the patient cannot know with certainty when he is cured, and the difficulty in identifying ex-ante who would require less than a full dose leads to the recommendation that all patients complete the full treatment (WHO, 2010b) . 4 We consider a two-period adherence decision in which, in period one, a patient is hit with an illness shock that he believes is malaria and begins taking medication. 5 In period two the patient decides whether to finish taking the pills or to stop treatment. The patient faces a tradeoff between the benefits of being cured of the disease and the costs of adhering to the medication. The benefit of adherence is the utility of being healthy, including productivity and wage benefits as well as the intrinsic value of good health. Patients may also value the positive externalities of being cured. The cost of adherence includes factors such as side effects, the effort required to remember to take pills, and the opportunity cost of consuming pills that could otherwise be used to treat future malaria episodes. When a patient adheres (i.e. goes on to finish the medication in period two), he guarantees that he will have the benefits of good health, but he incurs the cost of adhering. Since there is some probability that he is already cured after the first few doses he has taken in period one, it is possible that he is paying the cost of adherence unnecessarily. On the other hand, if he does not adhere, he faces some probability of continuing to suffer from malaria.
We assume that the subjective probability of still having malaria is increasing with mid-course symptom severity-that is, the better the patient feels partway through treatment, the more likely he is to believe he is cured. We take symptom severity after period one as exogenous to adherence since, in our data, nearly all patients take the first few doses of treatment properly (i.e. period one adherence is nearly perfect). If the patient believes that the medication he is taking is effective (so that 3 The "28-day cure rate" is defined as the clearance of asexual parasites within 7 days of beginning treatment without recrudescence (reappearance) in 28 days. In highly endemic areas, it is possible for a person to get re-infected with malaria within this time frame. Thus, in some cases, genetic analysis is used to distinguish between a recurrence of the same infection and a new infection so that the latter are not counted as treatment failures. 4 For example, according to the World Health Organization (WHO), "in endemic regions, some semi-immune malaria patients could be cured using an incomplete dose or treatment regimens that would be unsatisfactory in patients with no immunity. In the past, this had led to different recommendations for patients considered as semi-immune and those considered as nonimmune. This practice is no longer recommended. A full treatment course with a highly effective ACT is required whether or not the patient is considered to be semi-immune." (WHO, 2010b). 5 We limit our empirical analyses to those who begin treatment.
adhering definitely will cure him) then the patient will choose to adhere if the belief that he still has malaria in period two exceeds a threshold value that is increasing in the cost of adherence and decreasing in the utility of being healthy. Patients are thus more likely to adhere when mid-course symptom severity is high, when the costs of adhering are low (few side effects, low value of saved pills, etc.), and when the benefit to being healthy is high (see Fig. 1A ). Now consider the case where the patient is unsure about the effectiveness of these drugs (but still believes the illness is malaria). We assume that the belief that the drugs are effective is a decreasing function of mid-course symptom severity (i.e. the sicker the patient feels mid-course, the less likely he is to believe the drugs are working). This reduces the expected benefit of adherence. In this case, there is a nonlinear relationship between the probability of adhering and symptom severity (see Fig. 1B ). Patients who feel much better mid-course are more likely to believe the drugs are effective but also more likely to believe they are already cured and thus the expected value of adhering for them is low. Patients who still feel very sick mid-course are more likely to believe that they still have malaria, but also to believe the drugs are ineffective, so the expected utility of adhering for these patients is also low. The expected utility of adhering is therefore maximized at intermediate levels of symptom severity in the second period. In A, we consider the case where patients are uncertain about whether the illness is malaria, and show that, among these patients, we also expect adherence to be highest among those who are still moderately ill mid-way through treatment.
This theoretical framework highlights potential drivers of the adherence decision and suggests that the relationship between adherence and symptom severity could be influenced by beliefs about drug effectiveness. We explore these potential drivers of adherence in Section 5 below and also examine whether the impact of our interventions varies by these patient characteristics.
Study design and data collection

Experimental design and data collection
The study took place in Luwero district, located in Uganda's central region, between November 2010 and September 2011. 6 Despite its proximity to the capital city of Kampala (about 68 km), Luwero district is rural and poor, with the majority of households engaged in subsistence farming. Luwero has a high level of malaria endemicity, with an average of over 100 infective bites per person per year (U. B. of Statistics (UBOS), 2010). The study area constitutes the catchment areas surrounding nine drug shops that were located in and around three small trading centers in the east of the district. Two of the trading centers (Busiika and Zirobwe) each had four participating drug shops, while the third trading center (Wabitungu) had the remaining one. 7 The experimental study design is illustrated in Fig. 2 . A household census was conducted in catchment areas of roughly 2.5 km (approximately 1 h walking distance in each direction) around each shop. In November and December 2010, a team of enumerators traveled to 6 On May 13, 2011 the Ministry of Health of Uganda confirmed a fatal case of Ebola Haemorrhagic Fever in Luwero District. As a result, the study was halted for approximately a month between May 18, 2011 and June 16, 2011 . While surveying and project research stopped during this time, we ensured a steady supply of ACTs at shops during this period. We find no evidence that this break in study implementation affected adherence rates.
7 Drug shops were selected from a list of licensed shops provided by the Luwero District Area Drug Inspector. Shops were selected based on shop owner qualifications, length of time the shop had been in business, daily customer traffic and operating days/hours. We selected shops that were well qualified and established and that had sufficient customer traffic to reach the desired sample size in a five month period but were not so large that the traffic would be unmanageable for our survey team. each household in the study area to enroll participants and conduct a baseline survey. Households were then given a Purchase ID card (see Appendix Fig. A1 ), which enabled any household member to purchase heavily subsidized ACTs at any of the nine participating drug shops. No restrictions were placed on the number of times the card could be used during the study period and no expiration date was given. 8 2641 households and 12,572 individuals were enrolled in the study at baseline. 9 The project was designed to assess the impact of various forms of ACT packaging and short messages on adherence (we define this outcome in detail below). To evaluate this, we randomized the type of packaging available at the shop-day level. An ex-ante schedule was laid out using a random number generator that indicated that Shop 1 got package A on March 1, package B on March 2, and Shop 2 got package C on March 1, etc. Surveyors assigned to each shop brought the control or treatment packs for that particular day with them, and both the study team and shop owners were blinded to the treatment assignment until the day of sale. Prior to the intervention, participating drug shop owners received a training session led by an Ugandan Ministry of Health official on storage and appropriate use of Lumartem (a brand of Artemether Lumefantrine (AL), manufactured by Cipla), the type of 8 No restrictions were placed on the number of times the card could be used in order to avoid intra-household rationing. However, the project had a limited budget and could not accomodate excessive purchases caused, for example, by hoarding. Hoarding did not turn out to be a serious problem and our approach to this was informal. In the limited cases in which a household seemed to be purchasing an excessive number of ACT doses (34 households, or 3 percent of households that purchased an ACT, bought more than 6 doses of ACTs over the course of the study), we would have a surveyor visit the household and inquire about the health of the members, reminding the household head that the cards were only to be used for patients in the household who were currently sick. This approach worked very well throughout the study.
9 This is the same number of households that were found in the census activity. No households declined to participate in the study.
ACT used in this study. 10 Attendants were instructed to follow their normal prescribing protocol for Lumartem and other anti-malarials. If the patient arrived at one of our participating shops with a Purchase ID card and wanted to buy Lumartem, they were sent to our survey team member, who sat at a table in the shop to check IDs, dispense the Lumartem in the appropriate packaging and administer a short survey, described below.
Adherence was assessed through follow-up visits to the home of the patient roughly three days after the time of ACT purchase. Not all patients received a follow-up visit: 75 percent of households were randomly assigned ex-ante to receive a follow-up visit if any member of the household purchased ACTs. 11 Among patients who purchased ACTs, and who were members of households assigned to receive a followup survey, 96 percent were successfully reached for a follow-up visit. Individuals were not told of the intent to follow up in order to avoid influencing behavior, but an additional round of informed consent was sought at the time of follow-up. To further limit Hawthorne effects, enumerators asked to see the medication blisterpack and packaging in order to check the lot number, expiration date and other quality control measures, rather than to explicitly count the number of pills.
Lumartem is a six-dose treatment (with the number of pills per dose varying by age) intended to be taken over three days. The subsidized ACT price depended on the age of the patient and ranged from 200 10 We refer to "shop owners" throughout the paper loosely to refer to either the shop owner him/herself or to the shop attendants (who man the shop but might not be owners). All shop personnel were trained on ACT dosing and prescribing.
11 In early July 2010, the probability of follow up was increased to 85 percent because we found that we had the survey team capacity to do additional follow up surveys. As this was the last month of the study, it did not increase the overall probability of follow-up among our sample of ACT-purchasing households by much. Overall, of the 2516 patients purchasing ACTs over the course of the study, 76.8 percent of them were members of households that were assigned to receive a follow-up visit.
Fig. 2. Experimental Design and Sample
Sizes. The 'Additional Treatment Arm' is not explored in this paper since it had to be dropped early in the study to accomodate the budget. As a result, the sample size was insufficient to detect any treatment effects. People could buy ACTs multiple times over the study period.
to 800 Ugandan Shillings (approximately $0.09-$0.35 at the time of the study; see Appendix Table A1 for dosing details). 12 The follow-up survey was scheduled for 72 h after the time of the ACT purchase unless this time fell at night, in which case the interview occurred first thing on the following morning. The timing was designed so as to allow patients sufficient time to have completed their medication while minimizing the risk that they would have already disposed of their blisterpacks. 13 Appendix Fig. A2 describes the follow-up window in more detail.
Treatment arms
Shops were randomized by day into either a control package or one of four treatment packages, shown in Fig. 3 . There were two main objectives to the study design. The first was to test the status quo approach to promoting adherence through specialized packaging (the "CAPSS Package"). The second was to test whether some simple, inexpensive additions to the standard ACT package (something that a pharmaceutical manufacturer could easily implement on a large scale) could increase adherence rates. Since Uganda does not have a national language, and because we wanted to test interventions that did not need to be tailored at the national (or sub-national) level, all packages were in English. Though many Ugandans do not speak or read much English, the CAPSS Package -which we did not develop -was already in English. The messages we developed used very simple language with English words that were field tested to be familiar to many Ugandans.
A randomized, cross-cutting intervention was conducted in which a rapid diagnostic test (RDT) for malaria was offered to 25% of patients at the time they purchased ACTs. We evaluate the impact of diagnostic testing on adherence in a separate paper and show that a confirmed diagnosis of malaria had no significant effect on adherence (Saran et al., 2016) . For the analysis of the packaging and messaging treatments presented here, we always control for the (orthogonal) RDT offer and present robustness checks showing the impact of the treatment arms for the 75% of patients who were not randomly assigned to be offered testing.
Control package
The control package in this study was the standard package in which Lumartem was sold in Uganda and elsewhere in Africa. The box, shown in Fig. 3 , had the name, brand and manufacturer of the medication. Inside the box was a blister pack which grouped the pills by dose and day and a paper insert -similar to what is seen inside most medication boxes in the United States and elsewhere -with small print about dosing, side effects, etc.
CAPSS package and CAPSS Information Only pack
We refer to the first treatment as the "CAPSS" package since it was the ACT package used in Uganda during the Consortium for ACT Private Sector Subsidy pilot program (run by the Uganda Ministry of Health, Medicines for Malaria Venture, Population Services International and others). The CAPSS program was a pilot designed to test the feasibility of a private sector ACT subsidy prior to the Affordable Medicines Facility-malaria (AMFm) -a global ACT subsidiy program that was established in 2009 and implemented in seven African countries, including Uganda (the AMFm program was scaled up in Uganda towards the end of 2011, after this study had already ended) (Gelband et al., 2004; Laxminarayan and Gelband, 2009; Fink et al., 2013) . 14 The ACT CAPSS package, which is similar to packaging used for other ACT subsidy programs in Tanzania and in Rwanda, was intended to serve several purposes. First, it differentiated the subsidized private sector ACTs from those in the public sector (which were intended to be free). Second, it served as a form of branding and quality assurance, providing "consumers with the instant recognition that they were purchasing a high quality and effective anti-malarial at an affordable price" . Finally, it was designed to encourage correct use of the product, incorporating features like colorful pictorial instructions on how to take the medicine, principally to assist illiterate patients and caregivers. Several messages on the CAPSS package relate directly to adherence, such as: 1) "Complete the full course, even if the child improves. This is important for your child's full recovery.", 2) "Only effective if treatment is completed.", and 3) "Do not share this drug." These messages are just a small part of all of the information on the package, including information related to side-effects, storage, proper dosing, etc.
While the potential benefits to this type of specialized packaging are substantial, the CAPSS package, and others like it, add roughly 15-20 cents to the cost of the ACT and can be a source of bottlenecks in the drug supply chain. Because the costs are high, we also tested a packaging type that conveyed the same information content at a significantly lower cost. We created a handout that was a black and white photocopy of the CAPSS package and wrapped it around the control package when distributing the medication at the drug shop. The purpose of this treatment arm was to explore, if the CAPSS package was successful at increasing adherence rates, whether the improvement was due to the information and pictorial instructions, or whether it was also linked to the product quality and differentiation conveyed by the special, glossy packaging. We refer to this second treatment as the CAPSS-Information Only pack.
Simple sticker messages: "Malaria is not gone until…" and "Don't save pills…"
We also tested simple, targeted messages to promote adherence delivered via stickers attached to the control packaging, an approach that is often used to encourage patients to finish their antibiotic treatment. The first sticker said "Malaria is not gone until ALL tablets are finished" and was designed to address non-adherence based on the belief that the illness is cured when symptoms have resolved. 15 The second sticker said "Finish ALL tablets. Saving tablets for later can be harmful for malaria control in your community." This message aimed to discourage the saving of pills for the next malaria episode, while encouraging patients to internalize the externality associated with nonadherence. Both stickers were yellow and placed in the front and center of the box of medicines. 16
Survey tools and measurement
Surveys were conducted at four points through the study period: at baseline, at the drug shop during the time of ACT purchase, several days after ACT purchase ("follow up"), and at study endline. The baseline survey was conducted in the home with the female head of household and collected information about demographics and about malaria treatment and prevention activities. The second point of survey was at the time of ACT purchase, and was administered at the shop with the patient or with the caretaker if the patient was a young child. Among patients aged 12 and above (i.e. patients who were old enough to answer for themselves), 71% of patients were at the shop at the time of the ACT purchase. The questions at the drug shop primarily concerned the severity of the symptoms that the patient was experiencing, and their beliefs about the likelihood that the illness was malaria.
The follow-up surveys took place three days after ACT purchase at the home of patients whose households were ex-ante randomly assigned to receive a follow-up visit. The main purpose of this survey was to determine whether the patient had completed their medications by counting the number of pills remaining in the medication blisterpack. The follow-up survey also included questions about the day and approximate time the patient took each dose of the drug, how sick they felt each day while taking the medication, and their current level of health. The respondent for the follow-up survey was the patient if the patient was 18 years old or above, and the caregiver if the patient was under the age of 12. If the patient was between the ages of 12 and 18, the patient was interviewed in the presence of the caregiver.
At the end of the data collection period, field officers visited each of the participating households and informed them that the study was ending. At this time, field officers collected the Purchase ID Card and asked the female household head a few more questions about their knowledge and beliefs about malaria treatment and elicited their understanding of the dosing instructions on the packages used in this study. The enumerators discussed the benefits of adhering to treatment regimens and informed respondents that a national ACT subsidy program (the AMFm, described above) was now launched in Uganda.
Adherence is defined as having no remaining pills in the blisterpack at the time of the follow-up survey. In the 13 percent of cases where the blisterpack was not seen, we used the patient or caregiver's report on the number of pills remaining. This definition of adherence is standard in the literature, with the majority of studies using a combination of pill counts and self-reports in order to measure adherence (Bruxvoort et al., 2014; Banek et al., 2014) . In order to explore whether unseen blister packs were biasing the results, we conducted a robustness check on only the sub-sample who showed the blister pack and we estimated treatment effects under different assumptions about adherence for those who did not show their blister packs. In addition to whether the patient fully adhered, we also look at the number of doses and tablets remaining as additional outcomes of the intervention. Any improvement in the intensive margin is likely to still be beneficial both in treating the disease and in minimizing the likelihood of the development of resistance by reducing the number of parasites remaining in the patient (Stepniewska et al., 2010) .
Ethics approval and trial registry
Ethical approval for this study was given by the Harvard T.H. Chan School of Public Health (protocol # CR-19527-02) and the Uganda National Council for Science and Technology (protocol # HS-832). The trial was registered at https://www.socialscienceregistry.org with registry number AEARCTR-0000490. The primary outcomes were prespecified but the secondary outcomes and heterogeneity analysis were not.
Results
We begin our discussion of results with a description of the uptake of ACTs sold through the program and some basic characteristics of the sample as well as balance across treatment arms. In Section 4.1 we present basic results on adherence and medication-taking behavior in the sample. We then present visual evidence and regression-adjusted estimates of the impact of the interventions. We drop the 34 ACT purchases where no medication was taken at all (i.e. the entire treatment course was remaining). Assuming the patient had malaria, the parasites were not exposed to the drug, and, therefore, were not under selective pressure to develop resistance to the drug (White et al., 2009 ). Our main analyses also exclude the 78 patients who were found for the follow-up visit more than 96 h after they purchased the ACTs. In the Appendix, we show that our results are robust to these sample criteria.
Since the randomization of the packages was at the shop-day level, individuals (and households) could have purchased ACTs with different types of packaging over the course of the study period. 17 Our main model uses all of the ACT purchases (for which we have outcome data) and controls for any previous package types purchased, but in the Appendix we show the robustness of our results to limiting the sample to only the first ACT an individual purchased as well as the robustness to limiting the sample to the first ACT purchased within a household. In order to be conservative, we present estimates with standard errors clustered by shop rather than by shop-day (the level of randomization) (Cameron and Miller, 2015) , but since we have only 9 shops we also show p-values based on the wild bootstrap procedure described in Cameron et al. (2008) . We run OLS regressions of the following form in our analysis:
where y isd is the outcome for person i who bought an ACT at shop s on day d. Outcomes include a binary adherence measure equal to one if all medication was completed at the time of follow up and zero otherwise, a "tablets left" variable measuring the number of tablets remaining in the blister pack and a "doses left" variable which is the number of tablets remaining divided by the appropriate number of tablets per dose according to the age of the patient. We control for shop ( shop ) and day ( day ) fixed effects, for the number of times the patient had bought ACTs through the study (including the current purchase)-ie. the ACT purchase number ( purchase ), previous pack types received ( previous ), and a vector of controls for the cross-cutting RDT treatment including a main effect and interactions with the pack type received.
Since the CAPSS and CAPSS-Information Only packages contain additional information from the two sticker messages and also vary substantially in the way the information is presented, we also group together these two types of interventions and estimate a pooled
where the CAPSS/CAPSS-Info-Only treatment combines patients who received either the CAPSS package or the CAPSS-Information-Only package, while the Sticker Messages treatment combines patients who received either of the two sticker messages.
Uptake of ACTs, sample characteristics and balance
Over the study period, 42 percent of households (16 percent of individuals) purchased at least one treatment course of ACT using their ID card. The mean number of ACTs purchased per household (individual) was 0.95 (0.20). We do not see much evidence for hoarding: 97 percent of study participants who ever purchased an ACT purchased only one or two courses during the study.
Sample characteristics and balance across treatment arms are shown in Table 1 . The female head of household was interviewed roughly 92 percent of the time. On average, among those who reported any education, female household heads had 7.4 years of education and their spouses had about 8.6; 42 percent of them said they could read a letter written in English (Table 1 , Panel A). Households in this region are relatively poor: while nearly 80 percent owned a mobile phone, only 17 percent had access to electricity (Table 1, Panel B) .
Roughly 75 percent of households reported having a member with suspected malaria in the month prior to the baseline survey and about 64 percent of household members slept under a mosquito net the night before the survey. At baseline, 66 percent of female household heads had heard of ACTs (Table 1, Panel C). Among patients who sought outside treatment for a previous episode of malaria (almost everyone did), 30 percent first sought care at a drug shop, while 43 percent first sought care at a private hospital or clinic (the remaining 26 percent visited a public health center or hospital). Only 15 percent received a confirmed diagnosis of malaria using microscopy or an RDT and roughly 53 percent of those who took medicines to treat the illness took ACTs (Table 1, Panel D) .
Just over 60 percent of ACT purchases during the study were for children in the three lower age/dose categories (under 12 years old), while the remaining 38 percent were for the highest dosage category (individuals ages 12 and older). A small subsample (25%) of patients was randomly tested for malaria at the time of ACT purchase. Positivity rates were 66 percent overall for this subsample (higher for children specifically) and though there are some differences in positivity rates across treatment arms, these are likely due to the very small sample size (N = 361) split across five arms (Table 1 , Panel E).
While there are some statistically significant differences in the characteristics between treatment arms and the control group, for most of the arms, only one or two variables are statistically significant, the differences are all modest in magnitude, and they don't seem to vary systematically with treatment arm. The "Malaria is not gone until…" treatment group has a few notable differences from the control group, but these differences do not suggest any particular pattern. Households in this arm reported less malaria in their household, which would suggest that they were somewhat older and of higher socioeconomic status than households in the control group. However, households in this arm are actually somewhat younger on average than those in the control and do not appear to differ from the control in any measure of socioeconomic status. We present analyses in the appendix that test the robustness of our main results to including controls for these variables in our regression.
Appendix Table A2 shows loss-to-follow-up across treatment arms. 96% of follow-ups were completed, with attrition balanced across treatment arms other than the "Don't Save Pills…" group, which was 4.4 percentage points less likely to have a completed follow-up visit than the control group. Those who received the CAPSS pack were approximately 7 percentage points less likely to have their blisterpack available at the followup visit. 18, 19 
Overall adherence behavior
The overall adherence rate in the control group was 63.8 percent, with a mean number of doses left of 0.84 (Table 2) . Non-adherent patients in the control group had an average of 2.3 doses (just over a day's worth) left (results not shown). Adherence was high for the first two doses (95 percent and 90 percent) and then fell steadily (between 8 and 11 percent percentage points) with each subsequent dose (results not shown).
Impact of packaging and messaging on adherence
Graphical evidence
We start by presenting a simple graphical analysis of the impact of packaging on adherence (Fig. 4a-d) . For each treatment arm, we present two figures. The figure on the left plots the treatment coefficients (and 95 percent confidence intervals) from a regression in the form of Equation (1), but with a series of dummy variables for outcomes indicating "zero doses left" (i.e. full adherence), "one or fewer Column 1 shows the mean and standard deviation (in parentheses) in the control group of the 'analysis sample': patients who purchased ACTs who were followed up within 96 h and who started taking their medication. Columns 2-5 show the coefficients on dummies for each of the treatment groups with standard errors (clustered by shop) in square brackets. Regression controls are presented in Equation (1). * p < 0.10, * * p < 0.05, * * * p < 0.01.
a Does not include controls for whether RDT was offered and interactions between each pack type and the RDT offer. Specification for Columns 1-3 in Equation (1); specification for Columns 4-6 in Equation (2). Regressions with tablets as an outcome also include dosage group fixed effects. Sample is limited to those who started taking the medication and who were visited for a follow-up survey within 96 h of ACT purchase. Standard errors are in parentheses and clustered at the shop level, p-values in square brackets. P-values using wild bootstrap clustered standard errors are in curly braces. * p < 0.10, * * p < 0.05, * * * p < 0.01.
doses left", "two or fewer doses left", etc. The figure on the right shows the coefficient on tablets remaining instead. Graphical evidence of a positive treatment impact would be seen in the coefficients for a treatment arm lying above zero. Fig. 4a shows the impact of CAPSS packaging relative to the control for doses and tablets remaining. The figure suggests that there is no impact of CAPSS on medication taking, as the coefficients are close to zero, although the confidence intervals are very wide. We also do not see evidence that the "CAPSS Information Only" arm increases adherence (Fig. 4b) . The point estimates are negative though quite noisy. Taken together, these results suggest that the current approach to promoting adherence through specialized packaging is not effective at improving adherence.
The impact of the "Malaria is not gone until…" message on adherence is presented in Fig. 4c . While the difference in the probability of having five or fewer doses remaining is not affected by the message, the impact increases in magnitude and statistical significance as doses left decrease (and as tablets left decrease, see Fig. 4c , Panel II), suggesting that the message leads to improvements in medication taking at the later stages of the treatment course. Fig. 4d shows the impact of the "Don't Save Pills" message on adherence. Although the point estimates on adherence by dose and tablet are positive-with a similar pattern of increasing impact as doses/tablets decline-the confidence intervals are wide and include a range of impact estimates.
Regression estimates and robustness
Regression estimates based on Equation (1) and Equation (2) are presented in Table 2 . Column (1) presents coefficient estimates of the impact of each treatment arm on adherence. As seen in the figures, the CAPSS and CAPSS-Information Only arms have insignificantly negative impacts on adherence, while the "Malaria is not gone until…" message and "Don't save pills…" messages have positive effects on adherence that are very similar in magnitude, though only the "Malaria is not gone until…" message is statistically significant. The "Malaria is not gone until…" message increases adherence by 5.9 percentage points (9.2 percent), relative to the mean of 63.8 percent adherence in the control group. While the effect on overall adherence is modest, the magnitude of its effect on the number of pills remaining is more substantial. The "Malaria is not gone until…" sticker reduces the number of doses remaining by 0.23, a 27 percent decrease in remaining doses (Column 2), and reduces the number of tablets remaining by 0.70, a 31 percent reduction in remaining tablets (Column 3). The coefficient estimates on the "Don't save pills…" message are similar to the other sticker for all outcomes, but are not statistically significant.
In Table 2 Columns 4-6 we show the pooled estimates from Equation (2). The sticker interventions increase adherence by 5.7 percentage points (8.9 percent) while the CAPSS/CAPSS Info Only packages reduce adherence by a statistically insignificant 2.7 percentage points. The sticker interventions decrease the number of doses left by roughly 0.2 (23 percent) and number of pills left by 0.65 (29 percent). An F-test confirms that the effects of these two types of messages are statistically different (p = 0.002).
Appendix Table A3 presents several robustness checks. Columns 1 and 2 limit the sample to the first ACT purchased by an individual and the first ACT purchased by a household, respectively. We also test the robustness of our estimates to our sample definition by including The regressions include the controls specified in Equation (1). Regression with tablets remaining also include dosage fixed effects. Sample is limited to patients who were followed up within 96 h of ACT purchase and who started taking the medication. Standard errors are clustered at the shop level.
Fig. 4. Continued
patients who were visited for a follow-up survey after 96 h (Column 3) and by including patients who did not start taking their medication (Column 4). In Column 5, we limit the sample to those who showed their blisterpack at the follow-up visit and in Column 6 we control for variables that were imbalanced at baseline. We find similar impacts as in the main analysis. The "Malaria is not gone until…" message increases adherence rates by 4.1-7.8 percentage points and is generally statistically significant, while the coefficients on the "Don't Save Pills…" message are always positive and similar to the other sticker, ranging from 4.6 to 8 percentage points, but not statistically significant. The CAPSS and CAPSS-Info Only packages seem to reduce adherence rates but the coefficients are not generally statistically significant. In Appendix Table A4 , we examine the robustness of our results to limiting the sample to those who were not offered a free rapid diagnostic test for malaria. The results are similar to the main results in Table 2 , albeit somewhat less precise.
Appendix Table A5 displays the robustness of our main results to three different assumptions about adherence rates among those who did not have their medication blisterpack available at the time of the follow-up survey. We assumed that everyone who did not show the blisterpack either all finished their medication (Column 1), or all did not finish the medication (Column 2), or that the adherence rates among those who did not show their blisterpack was the same as those who did show their blisterpack, separately by the type of package that they received (Column 3). As in our main results, the "Malaria is not gone until…" message increases adherence rates by 5.3-5.8 percentage points and is statistically significant. Under the assumptions that those who did not show their blisterpack did not adhere, the CAPSS package actually reduces adherence rates by 10.9 percentage points.
Patterns of ACT adherence and Heterogeneous effects
In this section we explore how adherence varies with some of the factors highlighted in the theoretical framework in Section 2 and explore whether the impact of the interventions varied with these characteristics.
Adherence in the control group
Our theoretical framework highlights the potential importance of mid-treatment symptom severity, beliefs about when the illness is cured, and beliefs about the effectiveness of the drugs in a patient's adherence decision. In the follow-up survey, individuals were shown a 0-10 ladder scale (a visual analog scale) and asked to indicate how they felt on each of the three to four days they were taking the medication. The top of the scale (10) indicated the "worst feeling of illness", while the bottom of the scale (0) implied that they felt in perfect health (see Appendix Fig. A3 ). For those who no longer believed they had malaria, we asked them which day they believed their malaria went away (with Day 1 being the first day of treatment). Fig. 5 plots adherence rates by the day individuals said they believed their malaria went away. In the control group, people who believed they were cured on Day 1 were 56 percentage points less likely to adhere than those who believed they were cured on Day 3 (P < 0.001). Fig. 6 plots the relationship between adherence and symptom severity on the second day of treatment for those who received the standard control pack. While symptoms on day two are, of course, partly themselves a function of adherence, nearly everyone adhered on the first day of treatment (See Appendix Fig. A4 ). Fig. 6A demonstrates that adherence is strongly related to mid-course symptom severity, with the probability of adherence nearly 15 percentage points higher (P < 0.001) for those who felt moderately sick, and approximately 5 percentage points higher (P = 0.458) for those who felt very sick, compared to those who felt well on the second day of treatment (these categories of illness severity correspond, on the 10-point scale, to illness levels 0-3 for "well", 4-7 for "moderately sick" and 8-10 for "very sick"). Mean adherence rates for individuals who received the control package by the day they believed they were cured. Day 1 is the day that they started taking treatment. Sample is limited to people who believed their malaria went away, who started taking the medication, and who were visited for a follow-up survey within 96 h of ACT purchase. In addition, adherence for the 5 people (1.57% of all respondents) who reported being cured on the fourth day of treatment is not shown due to small sample size.
48% of households (31% of ACT purchasers) reported that they had never heard of ACTs at baseline. Fig. 6B demonstrates the relationship between adherence and mid-course symptom severity separately for those who were and were not already familiar with ACTs. Adherence among those who had not previously heard of ACTs (solid line) follows the predicted inverse U-shaped pattern from the theoretical framework: adherence for those who still felt moderately sick on the second day of treatment was approximately 14 percentage points higher than adherence for people who felt that they were well (P = 0.037) and 19 percentage points higher than adherence for people who still felt very sick (P = 0.167). On the other hand, there is no drop in adherence at the highest levels of mid-course symptom severity among those who had heard of ACTs at baseline. At the highest symptom severities (levels 8-10), adherence is 33 percentage points (P = 0.102) higher for those who had heard of ACTs compared to those who had not heard of ACTs. 20 Overall, our data point toward a very strong relationship between symptom resolution, beliefs about being cured, and ultimate adherence behavior, though of course these are simply correlations. We cannot say with certainty whether patients whose symptoms resolve sooner are more likely to actually be cured of malaria prior to finishing treatment, but we show in Appendix Fig. A5 that patients with earlier symptom resolution are not more likely to have been malaria-negative to begin with. 21 20 We see a similar pattern if we look, instead, at patients who at baseline said that, if money were no object, they would prefer to take ACTs (compared to those who didn't), or at patients who said that they believed ACTs were the most effective drug for treating malaria in adults (compared to those who mentioned other drugs). While the latter is perhaps the most direct measure of beliefs about effectiveness, we don't have this variable for the entire sample-only for the sample who mentioned ACTs as a drug they have heard of. All of these measures yield similar results. 21 To our knowledge, there are no studies that provide evidence on concurrent symptoms and lingering parasite load for ACT-takers, but it is reasonable to assume that the resolution of symptom severity is not a good indicator of parasite clearance, since ACTs are known to begin relieving symptoms quickly Makanga et al., 2011) . . Symptom severity was measured on a 10-point scale with larger numbers indicating increasing levels of sickness. Sample is limited to people who started taking the medication and who were visited for a follow-up survey within 96 h of ACT purchase. Adherence for the 3 individuals who reported an illness severity of 10 (0.6% of all respondents), is not shown due to small sample size and because this was only reported for individuals in the group that had heard of ACTs. The sample sizes in Panel A for illness severities 0-9 are as follows: 17, 45, 71, 96, 76, 91, 39, 28, 23, 9 . The sample sizes in Panel B for illness severities 0-9 are as follows: 6, 15, 22, 25, 28, 29, 17, 13, 9 ,5 (for those who hadn't heard of ACTs) and 11, 30, 49, 71, 48, 62, 22, 15, 14, 4 (for those who had heard of ACTs).
Heterogeneous effects by sympom severity and beliefs about cure
In Fig. 7 we examine heterogenous effects of the interventions by mid-course symptom severity. We plot a local polynomial regression of adherence on mid-course symptom severity, separately for those who received either the control package (solid line), the CAPSS or CAPSSInformation only packages (Panel A, dotted line), or one of the sticker messages (Panel B, dashed line). This figure demonstrates that the stickers were primarily effective at increasing adherence among those who reported feeling much better, increasing adherence by 11 percentage points (P = 0.005) among people who reported symptom levels between 0 and 3 on the 10-point scale. Fig. 8 demonstrates that sticker messages increased adherence among those who believed they were cured on Day 1 by 51 percentage points (P = 0.003), essentially eliminating the association between patient adherence and beliefs about the day when they were cured.
Since the two sticker messages contained different information and targeted specific beliefs about adherence, they could have increased adherence for different reasons. Our main results show that the two stickers had a similar impact on adherence. This suggests that either the stickers corrected misperceptions about adherence, but did so to a similar extent, or that the content of the stickers didn't matter and that they simply made the importance of adherence more salient. While we don't have direct measures of belief updating, our endline survey captured some measures of beliefs about adherence. In Appendix Table A6 , we explore whether the type of packaging received during the study influenced endline beliefs. We grouped responses from an open-ended question about what happens if a patient does not finish all their medication into responses that were related to the "Malaria is not gone until…" message (e.g. the patient would feel sicker, would not get better, etc) and those that were related to the "Do not save pills…" message (e.g. members of the household or community would be more likely to get malaria, it would be harmful for the community, etc.). We also include a binary variable indicating whether the respondent "agreed" or "strongly agreed" with the statement "The number of pills of my malaria treatment I should take depends on how sick I feel," which is closely related to the message contained in the "Malaria is not gone until…message." The last outcome is a binary variable that indicates whether the respondent "agreed" or "strongly agreed" with the statement "When taking Lumartem to treat malaria, it is important to take the treatment for 3 days." We did not expect that respondents' beliefs about this statement should vary by the type of sticker message received. We find no significant effects of any of the package types on endline beliefs, other than the CAPSS package increasing beliefs about the importance of adherence for one of the outcomes. It is possible that the CAPSS package did influence beliefs but that this did not translate into increases in adherence, but Table A6 also tests 16 hypotheses (4 outcomes x 4 package types) so this is also possibly just a chance finding. Regardless, these results suggest that the pathway by which the stickers influenced adherence was unlikely to be through belief updating.
Perceptions of drug effectiveness
A key feature of the CAPSS package is the glossy, colorful packaging, which is intended to convey that the drugs are of high quality and are Adherence rates (and 95% confidence intervals) according to when patients said, at the follow-up survey, they believed their malaria went away (Day 1 is the day they started treatment). Sample is limited to those who started taking the medication and who were visited for a follow-up survey within 96 h of ACT purchase. effective in treating the disease. This may be particularly important for patients who are unfamiliar with ACTs or with their effectiveness. The CAPSS package, however, did not differentially improve adherence for patients who had not heard of ACTs prior to the study (Fig. 9) .
Understanding dosing instructions
Another important characteristic of the CAPSS and the CAPSSInformation packs was that they both included pictorial instructions and visual cues to demarcate dosing (see Fig. 3 ), which are designed to increase patients' understanding of how to correctly take the drugs, particularly for illiterate patients or caregivers. However, we find no evidence that the CAPSS and CAPSS-Information packages significantly increased adherence rates among those who could not read English (Appendix Table A7 ) and our data suggests that this may be because the CAPSS package does not significantly increase people's understanding of dosing instructions compared to the standard ACT control package (Appendix Table A8 ). In addition, knowledge of dosing instructions does not appear to be the primary barrier to adherence in this context, since 90 percent of patients (across all pack types) took the first two doses, with the correct number of pills per dose, at approximately the correct time (see Appendix Fig. A4 ). 22 22 While the instructions given at the shop may have been insufficient, it is likely that they were the best instructions patients would get in this context. This is because our shop attendants were provided with special training in ACT administration, were among the largest and most professional shops in these areas, and were working side by side with our study team throughout the project.
Cost-effectiveness of sticker interventions
In this section, we estimate the cost-effectiveness of the sticker interventions using published malaria cure rates from clinical trials of patients assigned to take 4 doses or 6 doses of AL, the ACT used in this study. We use cure rates from the published literature rather than endline malaria incidence or prevalence rates because, in a context of very high malaria endemicity, extremely large sample sizes would have been required in order to have sufficient statistical power to detect differences in these outcomes by treatment arm.
The additional cost of adding a sticker, such as the ones we used in this intervention, is approximately $0.015 per package. This includes the cost of the sticker itself which is approximately $0.013 and the cost of printing the message on the sticker which is $0.002 (assuming that printing a single page, which consists of 30 stickers, costs $0.06).
Appendix Fig. A6 outlines the method used to calculate the number of averted infections using the targeted sticker messages. We assume that patients who do not finish the medication take four doses of the drug instead of the recommended six doses. This assumption seems conservative since we find that patients who did not finish the medication had, on average, 2.2 doses remaining at the time of the follow-up visit. In our main specification (Table 2 , Column 4), the stickers increased adherence rates by 5.7 percentage points compared to the control group (which had an adherence rate of 63.8 percent). If we assume that everyone who buys the medication actually has malaria, and use cure rates comparing four doses of AL to six doses of AL from Vugt et al. (1999) , this results in 5.7 averted infections per 1000 patients receiving the intervention, at a cost of $15. This implies that the cost of a single averted infection using this intervention is approximately $2.63. If we use alternative assumptions about the malaria positivity rates among the sample of ACT-buyers (for example in our sub-sample that was tested, 67 percent tested positive for malaria (74 percent among children under age five)) and about the differential cure rates for four versus six doses of ACTs (Makanga et al., 2006) , we get costs per averted infection that range from $0.82 to $3.93 (Appendix Table A9 ).
Conclusion
The focus of most interventions to improve medication adherence is on chronic, long-term treatments (McDonald et al., 2002; Haynes et al., 2008) . However, sub-optimal adherence to short-course therapies such as antimalarial drugs and antibiotics not only makes it less likely that the disease is cured, but also increases the risk of pathogen resistance to the treatment. We find that 35% of patients do not finish a full course of artemisinin combination therapies for malaria, despite the fact that these are only a three day treatment course. Consistent with previous literature (Banek et al., 2014) , we find no relationship between adherence and the age of the patient (data not shown), which is somewhat surprising given that infants and young children are at much higher risk of serious consequences of sub-therapeutic malaria treatment than adults, and because the total number of pills that adults must take is much larger. Currently, in many African countries, the only large scale, patient-focused attempt to increase adherence to overthe-counter ACTs is to add pictorial instructions to enhance comprehension of dosing guidelines. Typically used in branded, "social marketing" campaigns distributing ACTs, the packaging is also glossy and colorful to convey the high quality of the drugs. We find that this common approach is not effective in increasing adherence. This is of particular importance because this type of package adds substantially to the cost of the drugs. 23 However simple stickers on the standard box of ACTs, with messages that emphasize the importance of completing the medication for curing the disease, are moderately successful in increasing adherence rates.
While the impact of the sticker messages on adherence may not be large enough to affect the probability of parasite resistance, this small addition to ACT packaging has a number of benefits. First, it has a more substantial impact on the number of doses taken which increases the probability of parasite clearance (and hence illness resolution for the patient). Further, adding a sticker with a message on the box of medications is very inexpensive, costing approximately 1.5 cents per package. We estimate that the messages cost between $0.82-$3.93 per averted malaria infection. Thus, these types of stickers are likely to be a very cost-effective way of increasing the number of patients cured of malaria through higher ACT adherence rates.
This study also presents some evidence on the reasons malaria patients do not complete their medications. We find that patients who report earlier symptom resolution and believe they are cured earlier are substantially (15-50 percentage points) less likely to finish the medication. Moreover, the sticker interventions increased adherence primarily among this group of patients, which suggests that the short messages may have convinced patients not to rely entirely on their own symptoms and beliefs about cure in determining whether to finish their medication. We also show that patients who were unfamiliar with ACTs prior to the study were less likely to complete the medication. This suggests that perceptions of drug effectiveness also influence ACT adherence rates in this context.
Our results suggest that interventions successful in increasing adherence rates will need to convince patients to continue taking the medication even once symptoms have resolved, while also increasing patients' confidence in the effectiveness of the drugs. It is possible that the scaleup of malaria diagnostic testing could highlight for patients the imperfect connection between symptoms and malaria positivity. Higher rates of diagnostic testing could also enable patients to learn about the effectiveness of ACTs in treating the disease (Adhvaryu, 2014) , though this will depend on the extent to which health workers comply with the results of the malaria diagnostic test in prescribing ACTs, which has varied considerably across different contexts (Odaga et al.) .
Since 60-70% of patients are cured with only four doses of the drug, encouraging patients who are cured after four doses of ACTs to complete the six-dose treatment may result in "over-adherence," where some people continue taking a drug that does not benefit them. Egan and Philipson (2014) suggest that many interventions targeting nonadherence may be inefficient if they also increase over-adherence. With malaria, however, the costs of adherence are very low (the drugs are relatively inexpensive, side effects are minimal, and the treatment is short), and the benefits are very high (under-treated malaria can be deadly and can have large externalities), so it is likely to still be socially beneficial to encourage full treatment compliance despite some overadherence.
There are several limitations of this study. We cannot say precisely why the short messages were more effective in increasing adherence compared to the more detailed CAPSS/CAPSS-Information packages which contained much of the same information. The stickers may simply have been more visible or, because they only consisted of a single message, they may have highlighted for patients the importance of adherence. We also do not have sufficient data to determine how patients responded to different parts of the messages on the stickers: whether they were primarily influenced by the injunction to finish the medication or whether the reasons for finishing the medication were also important, though our evidence suggests that the salience of the adherence message may have been more relevant in this context. More research is needed to understand how the content and design of messages affects patients' beliefs and behaviors. Finally, our study was not powered to determine the impact of the interventions on malaria transmission in this context.
While our interventions had moderate impacts on adherence, they do help shed light on why people may be stopping their medication and what types of interventions might be successful in increasing adherence rates. Further research to better understand how people's beliefs about malaria illness and treatment are formed may enhance our understanding of why they are so difficult to change.
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Table A7
Impact of packaging and messaging on adherence and medication-taking by patient/caregiver English literacy. The ability to read English is defined at the patient level for those aged 12 and above. For patients below the age of 12, they are defined as being able to read English if either the patient or the caregiver can read English. Regression specifications were based on Equation (1). Sample is limited to those who were not offered an RDT, who started taking the medication and were visited for a follow-up survey within 96 h of ACT purchase. Standard errors are in parentheses and clustered at the shop level, p-values in square brackets. P-values using wild bootstrap clustered standard errors are in curly braces. * p < 0.10, * * p < 0.05, * * * p < 0.01. Respondents were the female head of household, if available. At the endline survey, the surveyor showed the respondent each adult dose package (Control and CAPSS) separately and asked her to say how she would take the medication. Responses were not prompted. 'Didn't Mention It' is for people who didn't mention that particular aspect of the dosing regimen. We assume that patients who receive the targeted sticker messages have an adherence rate of 69.5% while patients who receive the standard ACT package have an adherence rate of 63.8% (see Table 2 , Column 4). Patients who do not adhere are assumed to take 4 doses of the medication instead of the recommended 6 doses. The cost of adding a sticker to the package is $0.015. Positivity rates are based on our measures of the sub-sample who were randomly tested (67%) and among the sub-sample under age five who were randomly tested (74%). a Cure rates are from Vugt et al. (1999) and are not PCR-corrected to distinguish new from recurrent infections. b PCR-corrected cure rates are from Makanga et al. (2006) and based on Intention-to-treat (all patients not available at 28-days were assumed as treatment failures). c PCR-corrected cure rates are from Makanga et al. (2006) and based on evaluable population (patients available at 28-day follow-up).
is again low. As in Section A3, the expected utility of adhering is therefore maximized at intermediate levels of illness severity in the second period. Appendix A.5
Model Implications
The model assumes that adherence to ACTs is a function of patients' beliefs about the likelihood of the illness being malaria, their beliefs about the effectiveness of the drug in treating malaria, and also their beliefs about whether they are cured of the illness mid-way through the treatment course. In period one, patients have some prior beliefs about the likelihood of the illness being malaria and the likelihood that the drug is effective in treating malaria. In period two, the patient updates these beliefs based on the severity of his symptoms and decides whether to continue taking the drug.
If the patient feels relatively healthy in period two, he is likely to conclude that he is cured, regardless of whether he believes the illness was malaria or some other disease. In this case uncertainty about the diagnosis and about the effectiveness of the drug have less impact on adherence rates. If the patient feels very ill in period two, he is more likely to believe that he is not cured of the illness but is also likely to conclude that either the illness was not malaria to begin with (if in period one he believed that the drugs were quite effective in treating malaria), or that the drugs are not effective in treating malaria (if instead he was confident, in period one, that the illness was malaria). Thus, uncertainty about the diagnosis and about the effectiveness of the drugs in treating malaria both result in lower adherence at high symptom severities.
